Disruption of a calmodulin central helix-like region of 10-formyltetrahydrofolate dehydrogenase impairs its dehydrogenase activity by uncoupling the functional domains.
10-Formyltetrahydrofolate dehydrogenase (FDH) is composed of three domains and possesses three catalytic activities but has only two catalytic centers. The amino-terminal domain (residue 1-310) bears 10-formyltetrahydrofolate hydrolase activity, the carboxyl-terminal domain (residue 420-902) bears an aldehyde dehydrogenase activity, and the full-length FDH produces 10-formyltetrahydrofolate dehydrogenase activity. The intermediate linker (residues 311-419) connecting the two catalytic domains does not contribute directly to the enzyme catalytic centers but is crucial for 10-formyltetrahydrofolate dehydrogenase activity. We have identified a region within the intermediate domain (residues 384-405) that shows sequence similarity to the central helix of calmodulin. Deletion of either the entire putative helix or the central part of the helix or replacement of the six residues within the central part with alanines resulted in total loss of the 10-formyltetrahydrofolate dehydrogenase activity, whereas the full hydrolase and aldehyde dehydrogenase activities were retained. Alanine-scanning mutagenesis revealed that neither of the six residues alone is required for FDH activity. Analysis of the predicted secondary structures and circular dichroic and fluorescence spectroscopy studies of the intermediate domain expressed as a separate protein showed that this region is likely to consist of two alpha-helices connected by a flexible loop. Our results suggest that flexibility within the putative helix is important for FDH function and could be a point for regulation of the enzyme.